Introduction {#sec1-1}
============

Glaucoma is a progressive optic neuropathy characterized by loss of retinal ganglion cells and manifest clinically as loss of optic disc neuro-retinal rim tissue, localized and/or diffuse defects of retinal nerve fiber layer (RNFL) and deficits in functional visual field testing (VF). Optic disc evaluation is essential for the diagnosis as well as follow-up of glaucoma patients. The cup/disc (C/D) ratio was introduced by Armaly\[[@ref1][@ref2]\] as a standardized method to evaluate optic nerve head and communicate the same. The larger the C/D ratio, more severe the field damage.\[[@ref3][@ref4]\] However, the C/D ratio does not take into consideration the diameter of the optic disc nor does it directly describe the focal changes in the neuroretinal rim. It has been long recognized that focal rim loss, particularly in the vertical poles of the disc are characteristic of glaucoma.\[[@ref5][@ref6]\] Several investigators have pointed out that small discs have fewer nerve fibers and smaller C/D ratio than larger discs.\[[@ref7][@ref8][@ref9]\] The neuroretinal rim area reflect the number of ganglion cell axons passing through the optic disc and outperforms the C/D ratio in its correlation with visual function.

The disc damage likelihood scale (DDLS) was devised by Bayer *et al*. to incorporate the evaluation of disc size and rim width in clinical grading of the disc.\[[@ref10]\] It has high inter observer reproducibility and correlates strongly with a degree of glaucomatous VF damage.\[[@ref10][@ref11]\]

Optic disc evaluation and estimation of retinal nerve fiber loss has been automated with a variety of instruments including optical coherence tomography (OCT). OCT provides quantitative assessments of the retina and optic nerve by measuring the echo time delay and the intensity of back scattered light from posterior segment structures.\[[@ref12][@ref13][@ref14][@ref15][@ref16]\] Good correlation has been reported between peripapillary RNFL thickness measured by OCT and visual function\[[@ref15][@ref17][@ref18][@ref19][@ref20]\] as well as histological measurements of RNFL thickness.\[[@ref21]\]

The objective of the study was to determine the correlation between each of C/D ratios and the DDLS with RNFL and global indices in Humphrey field analyzer II.

Design {#sec2-1}
------

Cross-sectional study.

Patient selection {#sec2-2}
-----------------

After informed consent, 50 patients were enrolled from the glaucoma clinic in a tertiary center. Each patient had a diagnosis of glaucoma (44) and 6 were normal patients. The diagnosis was based on full clinical evaluation including medical and ophthalmic history, slit lamp examination, intraocular pressure, gonioscopy, fundoscopy, and Standard Automated Perimetry Swedish Interactive Threshold Algorithm (SITA) Standard 24-2.

Inclusion criteria include best corrected visual acuity of at least 20/200 (6/60), anterior chamber angle open, reliable automated perimetry, and informed consent by the patient.

Exclusion criteria include spherical errors \>5 diopters and cylinder \>2.5 diopters, concomitant ocular disease leading to raised intraocular pressure, contact lens wearer, cloudy optic media that interferes with fundus examination, history of neurological diseases, ocular trauma and patients with intraocular surgery for less than 3 months.

Normal eyes were defined as those with no family history of glaucoma in the first degree relative, no history or evidence of intraocular surgery and no retinal pathological features. Normal eyes had best corrected visual acuity of 20/40 or better with refractive error between +3.00 D and −6.00 D, normal appearing optic nerve head and normal VF tests.

Glaucomatous eyes had abnormal VF test results with evidence of glaucomatous optic neuropathy. Glaucomatous optic neuropathy was defined as asymmetry between fellow eyes of 0.2, rim thinning, notching, and excavation or RNFL defects.

An abnormal VF test was defined as an abnormal glaucoma hemifield test (outside normal limits) and at least three points in the same hemifield that exceeded a probability value of 0.5% in the pattern deviation plot and an optic disc that was judged to be compatible with glaucoma and the degree and type of VF damage in that eye. In addition, there could be no signs of other diseases of the retina or optic nerve that could lead to the disc or field findings. Two glaucoma specialists independently evaluated the optic disc of patients and determined the C/D ratio and DDLS score using 78 diopter Volk noncontact fundus lens at the slit lamp. The readings were repeated at two different occasions within a span of two weeks. The DDLS was determined by drawing of the disc, the narrowest rim-to-disc ratio, the size of the disc, and the DDLS nomogram. If the nerve is smaller or larger than average (avg), the DDLS score was adjusted appropriately. The disc was staged from stage 1 to 10 as read from DDLS table \[[Figure 1](#F1){ref-type="fig"}\].
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VFs were performed with SITA-Standard 24-2 within a month of clinical assessment. An observer masked to findings of the clinical examination and diagnosis recorded mean deviation (MD) and pattern standard deviation (PSD). Each eye was examined using OCT 3000 Version 4.0.2 Carl Zeiss using the fast RNFL protocol on the second day of examination.

Exclusion criteria was eyes having coexisting ocular disease, refractive error exceeding ± 5.00 dioptres and or ± 2.00 cylinders, peripapillary atrophy exceeding 1.7 mm from the optic disc center, intraocular surgery within last 3 months and unreliable perimetry.

Poor quality OCT images (with both eyes below five signal strength, unfocussed, poorly centered) were excluded.

OCT parameters used were avg, superior and inferior RNFL thickness.

Pearson correlation coefficients are performed by using the SSPS 14.0 Windows. The correlations are compared by standardized normal test.

Results {#sec1-3}
=======

Our study included 27 females and 23 males. The mean age of the patients were 52.98 years \[standard deviation (SD) =9.798\]. The optic disc sizes were in ranges from 1.5 mm to 2.5 mm with avg vertical disc size 2.0307 mm (SD = 0.2311) \[[Figure 2](#F2){ref-type="fig"}\]. Pearson coefficient was performed for following combinations - C/D versus MD, C/D versus PSD, C/D versus avg RNFL thickness, DDLS versus MD, DDLS versus PSD and DDLS versus avg RNFL thickness. The strongest negative correlation was found between DDLS and avg RNFL thickness and strongest positive correlation was found between DDLS and MD \[[Table 1](#T1){ref-type="table"}\]. In order to determine whether the difference in correlations between pairs were significant we did standardized normal test using the software available on internet (SISA). We found difference between correlations of C/D and MD versus DDLS and MD were not statistically significant (*P* = 0.99139). Similarly, PSD did not show statistical significance (*P* = 0.32364). The difference of correlation of C/D and avg RNFL versus DDLS and avg RNFL thickness was statistically significant (*P* = 0.00005) \[[Table 2](#T2){ref-type="table"}\]. The interobserver reproducibility was 67% for C/D and 71% for DDLS.
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###### 

The strength of correlation between different parameters
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###### 

Summary of *P* values, confidence intervals of correlation coefficients
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Discussion {#sec1-4}
==========

Our results demonstrate that DDLS shows strong positive correlation with MD in VFs and strong negative correlation in RNFL thickness when compared to C/D ratio. The C/D ratio does not take into consideration the optic disc size. Hence, large discs which are likely to have larger C/D ratio (but may have normal neuroretinal rims) are more likely to be classified as glaucomatous while small C/D ratio are more likely to be classified as normal whether they actually have glaucoma or not.

Caprioli *et al*. demonstrated that neuroretinal rim area correlates more strongly with field damage than C/D ratio or cup volume.\[[@ref7]\] The two major advantages of DDLS are, firstly it considers the disc size and secondly it focuses on the neuroretinal rim tissue thinning. Consideration of the disc size is central to the process of DDLS grading. This adjusts for the rim size categorizing into small, medium, and large discs.

DDLS has limitations. It is theoretically possible that a patient with static DDLS may have continuing damage, for example if focal thinning of the disc was followed by generalized atrophy. However, detailed drawing of the optic disc at every visit and longitudinal follow-up with other modalities help to overcome this limitation. This method requires some effort to learn and is best carried out with the table of stages at hand during slit lamp evaluation of the optic disc.

In our study, we found a stronger correlation of DDLS with MD in VFs (−0.7958) than between C/D ratio with M.D (−0.708). Garway-Heath has pointed out that when both structural and functional measures are plotted on a logarithmic scale (or both on linear scales) the structure and function relation appears to be linear.\[[@ref2]\] This is contrary to the curvilinear relation found in earlier studies.\[[@ref3][@ref4]\]

James C Bobrow conducted a correlation of DDLS with VFs and found a similar correlation (−0.68).\[[@ref22]\] Danesh-Meyer *et al*. did a similar scatter plot relation between MD of the VF and DDLS *r* = −0.62.\[[@ref6]\] (statistically similar to our results). They found DDLS staging system to be superior to C/D ratio as clinical approach to the optic disc evaluation. Their data showed the correlation between Hiedelberg Retina Tomograph (HRT) parameters and VF defects of only 0.5-0.6. It was explained that only axon loss is correlated directly with functional loss and it is therefore likely that there always will be moderate variation in the relationship of disc topography to VF defect. Therefore, imaging technologies that enumerate nerve fiber layer thickness away from disc such as OCT will correlate better with VF than disc tomography.\[[@ref7]\]

A number of studies have compared the diagnostic accuracy of Stratus OCT, GDx VCC and HRT II and found no significant differences among the largest areas under the Receiver Operating Curves(ROC) curves among different imaging modalities.\[[@ref8][@ref9]\]

Our study aimed to find whether the structural loss mapped in fast RNFL thickness protocol of Stratus OCT was better correlated with DDLS grading than with C/D ratio. We found significant difference between the correlations proving the DDLS grading superior to C/D ratio in documenting the structural damage.

Majid *et al*. studied 149 eyes from 149 patients who were categorized as normal, glaucoma suspect or with glaucoma. The patients were examined with OCT and graded with DDLS staging and they found the DDLS had the best predictive power (0.917) and showed a close correlation with VF, C/D ratio and OCT parameters.

The system of DDLS staging would get better appraisal as to its clinical use in longitudinal study where it can document progression better than C/D ratio. To our knowledge, this is the first study correlating DDLS, C/D ratio, VF defect with avg RNFL thickness in Stratus OCT.
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